Objectives: We critically reviewed our experiences in endocranial complications with Functional Endoscopic Sinus Surgery, and investigated the causes, prevention strategies and management. Methods: We conducted a retrospective study of endocranial complications with Functional Endoscopic Sinus Surgery performed during last 10 years in our ENT department. We analyzed endocranial complications, their causes, consequences, treatments and outcomes. Management was performed in collaboration with neurosurgeons and infectious diseases specialists. Results: Of 763 Functional Endoscopic Sinus Surgery procedures, we identified three cases with endocranial complications (0.393%). These complications included: a case of postoperative severe cerebrospinal fluid leak in a patient treated for severe polyposis; a case of cerebral-frontal abscess with delayed clinical manifestation (4 weeks post-surgery) in a patient treated for chronic pansinusitis who experienced difficult surgery for septal spur; and a case of pneumocephalus in a patient treated for allergic fungal sinusitis. The clinical outcome was favorable in all cases. Conclusions: Intraoperative cerebrospinal fluid leak, anatomical deformities (even minimal deformities) and massive inflammatory sinus disease are predisposing factors for endocranial complications with Functional Endoscopic Sinus Surgery. Prognosis can be favorable when therapeutic management is carried out in collaboration with neurosurgeons and infectious disease specialists.
Introduction
Functional Endoscopic Sinus Surgery (FESS) is the therapeutic method of choice in surgical therapy of chronic sinusitis [1] - [4] . Although FESS is considered safe when performed by experienced surgeons [5] [6] , complications continue to be reported despite technical and instrumental advances [1] [7] - [9] . These complications are divided into major and minor categories [1] [8] [10] : intra/postoperative and immediate/delayed [1] [5] [8] [10] . Major injuries and life-threatening endocranial complications include [1] involuntary penetration into the skull base, production of a cerebrospinal fluid (CSF) leak, meningitis, pneumocephalus and epidural or intracerebral abscess [1] [3] [5] [8] [9] . Knowledge of the mechanism of injury is essential for prevention, identification and immediate correction of these complications [2] [3] [5] [7] .
The rise in FESS indications has resulted in an increase in endocranial complications [4] . However, defining the true incidence of these complications is impeded by significant variability of reports among authors [6] [8] [11] .
To better understand how to avoid complications of FESS, we analyzed the causes, treatment and evolution of the endocranial complications secondary to FESS during the last ten years at our teaching hospital.
Materials and Methods
We performed a retrospective review of all FESS performed in our department between 2003 and 2012 and the reported cases of endocranial complications that occurred. Cases of endoscopic approach for endocraneal tumors were excluded. Each patient was examined using preoperative nasal endoscopy and computed tomography (CT) scan to determine the extent of disease and to ascertain the patients' anatomy and their particularities. An appropriate history was documented for each patient to establish a diagnosis and subsequent therapeutic indication ( Table 1 ). All surgeries were performed using a 4 mm-30˚ telescope, and endoscopic equipment with standard instrumentation. Navigation-assisted surgery was not available in our department.
Three cases with complications were identified. The surgeries in cases 1 and 3 were performed by the same experienced surgeon. The surgery in case 2 was started by a practitioner specialist and finished by another skilled surgeon. This study has been approved by the Ethics Committee of the Hospital.
Results
Of the 763 FESS performed, three endocranial complications (0.393%) were registered ( Table 1) . Here, we summarize the three cases:
Patient 1: A 40-year-old male underwent FESS due to massive idiopathic polyposis with total occupation of the ethmoid cells and middle meatus and partial occupation of the maxilar, frontal and sphenoid sinus. Postoperatively, the patient developed a severe right CSF rhinorrhea. A CT scan revealed a bony defect with a wide communication from the nasal cavity to the anterior cerebral fossae (Figure 1(a) ). After 24 h, the fistula was repaired with a free flap of middle turbinate mucosa secured with fibrin glue (tissucol ® ) and bioabsorbable material packing (Surgycel ® ). Previously, a 2-mL 5% fluorescein intrathecal injection was performed, according to our routine procedure [12] . The CSF leak was corrected immediately. The patient was treated by absolute rest and prophylactic antibiotics for 2 weeks, with a favorable evolution and without incidence. A CT study performed 30 days later demonstrated that the bone communication was repaired (Figure 1(b 
)).
Patient 2: A 41-year-old male underwent FESS due to pansinusitis with radiologic occupation of the entire paranasal sinus. During surgery, a CSF leak from the right anterior ethmoidal top was discovered, and an intraoperative repair was performed as describe above. The preoperative CT scan showed a deviated nasal septum that was not removed during surgery because it did not interfere with the approach to the ethmoid. However, this deviation confused the height position of the nasal fossae, and this confusion probably caused the rhinoliquorrhea. The patient was treated with absolute rest and received prophylactic antibiotics (amoxicillin-clavulanate 1 gr every 8 hours) for 1 week. At 7 days post-surgery, a cerebral and maxillofacial CT scan revealed no injury; however, at 1 month post-surgery, the patient presented to the emergency unit with confusional syndrome. An emergency CT showed a brain abscess in the left frontal region (Figure 2(a) ). The abscess was evacuated by trepanation and treated with parenteral antibiotics for 3 months, adapted to the detected microorganism (Morganella Morgagnii) and in collaboration with the infectious disease Department: levofloxacin 500 mg iv daily, metronidazole 1.5 g iv daily and ceftriaxone 2 g iv every 12 hours. After 2 months, a magnetic resonance image (MRI) demonstrated resolution of the abscess (Figure 2(b) ). The patient recovered and had no further problems. Patient 3: A 42-year-old male underwent FESS due to allergic fungal rhinosinusitis. The preoperative CT and MRI demonstrated a pansinusitis with dehiscence of lateral wall of right sphenoid sinus due to his underlying pathology (Figure 3(a) ).
In the immediate postoperative period, the patient suffered intense headache. The CT and MRI performed 24 h later showed a massive pneumocephalus in the frontal region (Figure 3(b) ). A CSF leak was suspected. A revision surgery was performed using our usual technique, but no fistula was found. The patient was treated with antibiotic therapy (amoxicillin-clavulanate 1 gr every 8 hours) for 2 weeks and rest for 2 months. Follow-up care confirmed resolution of pneumocephalus without sequelae.
Discussion
FESS has become the standard surgical technique for the treatment of chronic sinusitis [13] ; however, FESS is not without serious risks, mainly due to the anatomical complexities of the structures surrounding the sinuses (content ocular orbit, anterior cranial fossa, cavernous sinus and internal carotid artery) [2] [12] . Moreover, the operative field is formed by narrow slits with walls that bleed abundantly, sometimes only by contact with surgical instruments [8] [14] .
The anatomical landmarks vary in each surgical patient and are dependent on the different degrees of pneumatization of the paranasal sinus [14] ; thus, preoperative CT is important [9] [10] [14] [15] . To prevent anatomical damage, surgeons must be mindful of the anatomical areas most at risk of penetration into the cerebral cavity, such as the cribriform plate, the ethmoid fovea, the roof of the ethmoidal cells and the lateral walls of the sphenoid sinus [5] . Knowledge of patient anatomy and training for performance of meticulous surgical techniques are very important for avoiding complications [3] [13] [14] . However, even in the hands of well-trained surgeons, complications still occur [2] [3] [14] , as happened in our patients: in two of the three cases, surgery was performed only by an experienced surgeon. The prevalence of intracranial complications in our patients was similar to that reported by other authors [1] .
In all three cases the complication occurred in the right nostril. This observation has been reported previously [14] . Surgery on the right side for right-handed surgeons presents greater difficulty in terms of visualizing anatomical landmarks and is correlated with an increase in complications [10] [14] .
We believe that using an endoscope with a 30˚ lens leads to an increased risk of endocranial complications, as it may confuse the perceived height inside the nostril and lead to involuntary penetration into the brain cavity, as in the three cases presented. We do not have Navigation-assisted surgery, but there is evidence from published studies that the use of Navigation-assited surgery for sinus surgery, within selected populations, is associated with a lower risk of major and total complications [15] .
The extent of disease must also be considered. Cases with diffuse infectious disease, such as those we present here, involve a higher risk of postoperative complications because they require deeper surgical attention into the endonasal anatomical boundaries near the base of the skull [15] . In addition, these inflammatory lesions bleed diffusely, preventing visual control. Early recognition and appropriate management of these complications is critical to minimizing the serious consequences that can threaten the life of the patient [2] [3] [7] . In addition, the postoperative period is critical to reducing the risk of permanent damage [2] . Two of our cases illustrate this axiom (patients 1 and 3) . However, the case of patient 2 illustrates the fact that complications can occur and appear later; thus, any unusual neurological symptoms in a patient undergoing FESS in previous weeks could indicate an intracranial complication.
A CSF leak is the most frequent endocranial complication [5] . A CSF leak is the communication between the subarachnoid space and the nasal mucosa caused by destruction of the boney plane that separates these spaces. An intraoperative CSF leak is a clear risk factor for intracranial complications. If a CSF leak is recognized intraoperatively, repair should be initiated immediately [2] [10] [14] . However, repair does not always prevent the development of a complication, as occurred in patient number 2. In the immediate postoperative period, we believe that surgical reparation should be the norm, and that patients must be monitored carefully for several weeks post-surgery. Some surgeons advocate placing a lumbar drain and maintaining the patient under observation and bed rest in the semi-seated position [7] [14] .
Pneumocephalus is the pathological accumulation of intracranial air from the sinonasal cavity. The pressure gradient between the subarachnoid space and the sinonasal cavities is reversed, which allows air to enter the subarachnoid spaces [16] . Pneumocephalus is characterized by the existence of a dehiscence osteomeningea and rhinoliquorrhea. Pneumocephalus is possible only when the intracranial pressure is lower than the atmospheric pressure. Under normal conditions, fluid tends to exit the fistula until the pressures are inverted. Factors that decrease intracranial pressure, such as the placement of a lumbar drain for a CSF fistula, generate a pressure gradient that favors intracranial accumulation of air and formation of pneumocephalus. Treatments include conservative measures of waiting for spontaneous resolution by resorption or intracranial air drainage. Conservative treatment of fistula has proved insufficient, and so most authors recommend surgical repair [17] . The cribriform plate is the region more frequently associated with iatrogenic pneumocephalus [8] ; however, in our patient, the damage was caused by the presence of allergic fungal sinusitis sphenoid involvement and destruction of the side walls of the sinus.
Management of endocranial complications includes treatment with prophylactic antibiotics that cross the blood brain barrier, strict bed rest, head elevation, avoidance of Valsalva maneuvers (coughing, sneezing, nose blowing and straining) that may increase intracranial pressure and performing CT scans and nasal endoscopy control [7] . The collaboration between neurosurgeons and infectious disease specialists is essential.
Conclusion
In conclusion, predisposing factors for endocranial complications include anatomic abnormalities (even those that appear minimal), severe forms of sinusitis, such as allergic fungal sinusitis and nasal polyposis, and peroperative CSF leaks. Prognosis is favorable with early management and appropriate clinical follow-up, with strong collaboration between neurosurgeons and infectious disease specialists. Brain abscesses in the frontal lobe secondary to a CSF fistula (even when resolved during the operation) can manifest weeks after surgery. Successful management of the major complications of FESS is critical to reduce the risk of permanent injury.
